The impairment of lung function associated with different types of asbestos related disease was examined in 1298 men. The 310 men with circumscribed pleural lesions (plaques) or diffuse pleural thickening without asbestosis were compared with 596 men with asbestosis only and with 322 men with pleural abnormalities and asbestosis, as classified from chest radiographs by ILO pneumoconiosis criteria. Spirometric indices and total lung capacity (TLC; determined by planimetry) were measured and expressed as percentages of predicted values. Non-smoking men with pleural disease only had reduced values of mid and terminal expiratory flows (80-6 and 69-9% predicted) and a reduced FEV, (89% predicted) with a forced vital capacity (FVC) of 94% predicted. TLC was 104% predicted. Thus they had airways obstruction without restriction. Non-smoking men with pulmonary asbestosis (ILO profusion of opacities mostly 1/0 and 1/1) had pulmonary function similar to that of men with pleural disease. FEV, and FVC and flow rates at other lung volumes were lower in smokers with asbestosis (after adjustment for duration of smoking) than in the non-smokers with asbestosis. Airflow limitation was worse in the men with both pleural abnormalities and pulmonary asbestosis with lower values for mid expiratory flow, FEV, and FVC (but not TLC) than those with either abnormality alone, in both non-smokers and current smokers. Men with diffuse pleural thickening that included the costophrenic angles had more airways obstruction and air trapping and lower FVC values than those with circumscribed pleural disease.
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Whether pleural plaques or diffuse pleural thickening (or a combination of the two) due to asbestosis are associated with impairment of lung function remains controversial.' The issues include whether impairment is present, the nature and degree of such impairment, and whether those with asbestos related pleural disease only have or will develop pulmonary asbestosis. Because asbestos fibres must pass through the lungs to reach the pleural space it is conceivable that individuals with pleural plaques or thickening have some pulmonary fibrosis that would be detectable histologically but not by chest radiography. Such subradiographic fibrosis, which could be -detected by microscopic examination of histological sections of lung, could impair function. 2 We therefore compared the pulmonary function of asbestos exposed workers with pleural abnormalities only, workers with pulmonary abnormalities only, and workers with both pleural and pulmonary abnormalities as determined radiographically. In addition, we compared the effects of different types of pleural lesions on pulmonary function. Pleural abnormalities were divided into (1) pleural calcifications only; (2) circumscribed lesions (pleural plaques) only; (3) diffuse pleural thickening; and (4) diffuse pleural thickening with obliterated costophrenic angles. Data on subjects in overlapping categories were not analysed. Findings are based on 1298 subjects selected from 4572 male boilermakers and pipefitters who were studied by one medical team using a standard protocol.
Methods
The 1298 men were studied at 20 white and had been first exposed to asbestos at least 15 years previously, and all had been exposed for at least five years. They included 259 non-smokers, 969 current smokers, and 70 ex-smokers, who were studied by questionnaires, physical examination of the chest, radiography, and spirometry. The questionnaire was administered by trained interviewers. It included occupational history; asbestos exposure (proximity and duration); and medical, pulmonary, and cardiovascular history (with criteria for defining 'chronic bronchitis and asthma, based on standard questions from DLD-78 in the epidemiology standardisation project.3 The diagnosis of chronic bronchitis was made when phlegm had been produced most days of the week for at least three months a year in two successive years. The diagnosis of asthma required the presence of episodic wheezing that was relieved spontaneously or with medication, with "normal breathing" between attacks. The chest was examined for size, shape, deformity, and quality of breath sounds (normal, decreased, or absent; rales; wheezing); the extremities were examined for cyanosis, clubbing, and oedema.
Spirometry was performed with rolling seal spirometers (Ohio 822), with the subjects standing and wearing a nose clip, and followed the ATS Snowbird recommendations.4 Care was taken to ensure full or at least 10 seconds' expiration. Spirometric recordings were digitised from the tracing with the best effort and measured for volumes and flows, and the data were corrected to body temperature. Percentage of predicted value was calculated for each measurement by using regression equations derived from 188 Michigan men in the model group, which thereby adjusted the values for height, age, and years of cigarette smoking.5 Volumes and flows were expressed as means for each group and as mean percentages of predicted values. Lung area was measured by planimetry of posterior-anterior and lateral radiographs and used to calculate total lung capacity (TLC) from the regression equation developed by Harris et al. 6 Posteroanterior and lateral chest radiographs were obtained on standard 14 x 17 inch films with a Picker portable x ray machine (KV 120-130 and suitable grid); they were read in the presence of each worker for profusion of irregular opacities-that is, for pulmonary asbestosis and for type and extent of pleural asbestos signs on the basis of the 1980 ILO criteria for pneumoconiosis.7 Films were interpreted by a single reader. Consistency of reading was high as judged by interval repeat readings of 100 films during the study, which were within 5% of the original readings. Workers with unilateral pleural abnormalities who had a history of trauma or infection matching their lesions were not considered to have asbestos pleural disease. Where radiographs were unsatisfactory or of borderline readability repeat films were taken until quality was ILO class 1 or 2. Men with pleural asbestos disease only were further classified into four exclusive groups: those with calcified pleural plaques only, pleural plaques only, diffuse pleural thickening, and diffuse pleural thickening with blunted or obliterated costophrenic angles. Diffuse pleural thickening was defined as uniform thickening on both lateral pleura not affecting the costophrenic angles. The same pleural classification was applied to men who had pulmonary asbestosis in addition.
All data were recorded in a machine readable (mark sense) format and machine read into a microcomputer (Atari 1040ST). Data were analysed after transfer to a Compaq computer by using Stata statistical programs including linear regression, a correlation matrix, and Student's t test (two tailed). Pulmonary function is presented in tables 1 and 2 as group mean % predicted values derived from regression equations in which they were compared with the values from 188 men in a stratified random population sample of Michigan whose pulmonary function has been modelled.5 Thus each man's measurements were expressed as percentages of the values predicted from the data on the model population after adjustment for height, age, and years of cigarette smoking. To make population comparisons we used the pulmonary function values from all 370 Michigan men from a random population sample. To do this we added to the 188 normal men used to model pulmonary function 182 men who had one or more of the following: sputum production, dyspnoea, wheezing, angina pectoris, previously diagnosed lung disease, coronary heart disease, hypertension, rales, clubbing, cyanosis. Thus the population for comparison with the groups of men exposed to asbestos included all the men studied, not just those selected for absence of symptoms or of cardiorespiratory diseases. The significance of differences between group means of men with asbestos pleural signs and of those with asbestosis and the 370 Michigan men were determined with Student's t test. A p value below 0 05 defined significance. In the 259 men who had never smoked cigarettes those with both pleural signs and pulmonary asbestosis (group 3) were slightly older and had had a correspondingly longer exposure to asbestos than those with pleural signs only (group 1) or those with asbestosis (group 2). Chronic bronchitis and asthma were more prevalent in these non-smokers than in the reference population of 370 men. Expiratory flows, including FEV, were lower in all three non-smoking groups with asbestos disease than the predicted values based on age, sex, and height derived from the reference group.5 FVC was also decreased whereas TLC was normal. Although pulmonary function values were lower in the 53 men with pleural disease and asbestosis than in the other groups, the small differences were not significant. Mean body weight was significantly less in non-smoking men with pleural calcification only than in other groups. Among the current smokers the 202 men with pleural disease were only slightly older than those with asbestosis (62 versus 58 years); 57 (28%) had chronic bronchitis and 33 (16-5%) had asthma. They had had more than 30 years of smoking cigarettes and 33 years of TLC (1) (1-43) (1-24) with asbestosis only. When signs of both pleural and pulmonary asbestos disease were present airflow limitation was significantly worse than when either was present alone. Among those with pleural disease there was a progressive increase in airways obstruction through the different types of disease, the rank order being calcified plaques, plaques, diffuse pleural thickening, diffuse thickening with blunted costophrenic angles. The only statistically significant reduction, however, was seen when costophrenic angle blunting accompanied diffuse thickening, regardless of whether asbestosis was present or not. Such blunting appears to indicate an additional disorder that interferes with emptying of the lung. Although diaphragmatic movement may be compromised, fibrotic strands would appear to extend deeply into the lower lobes. Such strands have been seen on extended scale computed tomograms.89 This study extends previous reports of pulmonary functional impairment associated with pleural disease and does so with a moderately large number of non-smoking men. It is the first large study to show that functional impairment from pleural asbestos disease approximates in severity that due to asbestosis in nonsmokers in a population of men exposed to asbestos studied cross sectionally. In fact, the data suggest that airways obstruction occurs in men who have been exposed to asbestos whether their radiographic abnormalities are pleural or pulmonary, but that combined pleural and pulmonary asbestosis produced more obstruction. Thus there is airways obstruction with either pleural disease only or pulmonary disease only and additional airways obstruction with a reduced vital capacity and increased residual volume when pleural and pulmonary forms of asbestosis are combined. Furthermore, when diffuse pleural thickening causes obliteration of the costophrenic angles, there is still more impairment in both the absence and presence of radiographic signs of asbestosis. Total lung capacity was not decreased as radiographic abnormalities increased. In currently smoking subjects with pulmonary asbestosis, pleural disease further reduced function.
The differences in body weight between men with different kinds of pleural disease is unexplained. Although the explanation may simply be easier recognition of calcification in thin than in fat people, and a greater likelihood of detecting diffuse thickening in the latter, other possibilities, including metabolic reasons, should be considered.
Understanding Small airways obstruction, increased air trapping, and decreased FVC were found in 89 railway carriage repair workers with pleural plaques"'2' and decreased FEV1 and FVC (but no reduction in TLCO) in 377 railway yard workers with pleural plaques.22 Cotes and King23 reported reduced expiratory flows and FVC with diffuse pleural thickening, and a further reduction with blunting of the costophrenic angles, in 122 men. No additional impairment was found in men with pulmonary asbestosis, perhaps because of the low profusions of opacities. Pulmonary asbestosis developed over 10 years of observation in 10% of 201 British shipyard workers with pleural abnormalities. 24 The prevalence of plaques increased from 24% to 32% over four years in 75 Norwegian construction workers, in association with a fall in FEV, and FVC in about 6%.25
These studies support the idea of a worsening of pleural disease with time and the appearance of asbestosis in men with pleural plaques. When combined with the results ofthe present study, they suggest that in the presence of any radiographic sign of asbestos disease there is functional impairment. FEV, and FVC were reduced when circumscribed or diffuse pleural thickening became apparent and were further reduced when costophrenic angles were blunted. The degree of impairment from circumscribed or diffuse pleural thickening was similar to that from pulmonary asbestosis (irregular opacities) alone. Obliteration of costophrenic angles was associated with additional functional impairment in men with pleural disease only and in those with combined pleural disease and asbestosis. Extended scale computed tomography has shown fibrosis extending from pleura into lung in some patients with diffuse thickening and blunted costophrenic angles.89 Some of these patients have a history of pleural effusion, which may be one mechanism for these changes.8
The inference from this study and earlier data is that when pleural thickening is visible on a radiograph terminal 
